SUMMARY Although stroke is a major cause of death in older adults, few studies have examined the independent contribution of cardiovascular disease risk factors to stroke mortality in the geriatric age group. We report here a nine-year followup of a Southern California community of 2107 men and women aged 65 to 84 years. In this older cohort, age was the most significant independent risk factor for strokeassociated mortality in both sexes. Systolic blood pressure was weakly but significantly associated with stroke mortality in this older age group. Cigarette smoking was positively related and educational level of head of household negatively related to stroke mortality in both sexes, with the predominant effect in women. No significant independent effect of cholesterol, fasting plasma glucose or obesity was discernible. Both blood pressure and cigarette smoking are potentially remedial risk factors for stroke after age 65.
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Stroke Vol 15, No 2, 1984 STROKE IS A MAJOR CAUSE OF DEATH in older adults in the United States.
1 -2 Elevated blood pressure is the only consistent risk factor associated with stroke in multiple studies, 1 " 10 but few studies have examined the independent contribution of blood pressure to mortality in older adults, or have examined the predictive value of other attributes in the older age group. Further, stroke mortality is declining in the United States, possibly related to improved recognition and control of blood pressure. 2 ' " We report here the effect of age, blood pressure and covariates on recent (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) stroke-associated mortality in a geographically defined cohort of relatively affluent, Caucasian older adults aged 65 to 84 years, 19.3 percent of whom were receiving antihypertensive medication at the baseline evaluation.
Methods
Eighty-two percent of all adult residents of a geographically defined, upper-middle-class, Caucasian community in Southern California were surveyed for heart disease risk factors in 1972-1974. l2 All participants had a standardized interview which included questions about current use of antihypertensive medication, personal history of stroke, and education status of self and of the head of household. Blood pressure was measured with a standard mercury sphygmomanometer after the subject had been seated for at least five minutes. Blood pressure was repeated at the same sitting in all subjects whose initial reading exceeded 160 mmHg systolic or 90 mmHg diastolic, and the lower of the two readings was recorded. Weight and height were measured in light clothing without shoes; obesity index was calculated as pounds/(inches) 2 x 100. Plasma cholesterol was measured in a standardized Lipid Research Clinic laboratory using an autoanalyzer. Fasting plasma glucose was measured in a hospital diagnostic laboratory using the hexokinase method for true glucose. Vital status was determined annually to the present for an average of nine years' followup and is known for 99.9 percent of the cohort. Death certificates were obtained for all decedents and coded by a certified nosologist using the eighth ICDA revision. In order to increase sensitivity subjects who had stroke (ICD 430 to 438) coded anywhere on their death certificate were classified as stroke-associated deaths. In a 30 percent sample of this cohort, whenever there was any mention of cardiovascular disease on the death certificate, validation of cause of death was attempted by interview with the next-of-kin and physicians and by review of hospital records. All 21 cases of stroke-associated mortality so reviewed had neurologic abnormalities consistent with a stroke. In only two cases was another cause (cancer) deemed more probable than cerebrovascular disease. In the remaining cases a cerebrovascular accident was judged definite (14 cases), probable (3 cases) or possible (2 cases). A stroke was considered to be definite if there were both a physician diagnosis and a description of a compatible neurological deficit (e.g., hemiparesis), probable if there was a physician diagnosis but no clinical description, and possible if there was a compatible clinical abnormality but no physician diagnosis of stroke. All 2107 subjects aged 65 to 84 years who had no history of stroke at the baseline examinations were included in the analysis, thus excluding 58 men and 24 women who already had a history of stroke. For univariate analysis, continuous variables were dichotomized into low and high categories using clinically accepted cutpoint criteria assigned prior to the analysis, and stroke-associated death rates calculated within these categories. The independent effect of each risk factor was assessed using the Cox proportional hazards model.
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Results
Of the 1056 men and 1051 women aged 65 to 84 years who had no personal history of stroke at the STROKE MORTALITY IN THE ELDERLY/K7wu> et al 245 baseline examination, 21.0 percent of men and 19.7 percent of women were hypertensive (SBP 160 + and/ or DBP 95 + ) , although 17.9 percent of men and 20.7 percent of women were using antihypertensive drugs. After nine years of followup, 39 men (3.9%) and 34 women (3.2%) had a stroke-associated death. Table 1 compares the age and covariate distribution for those who had a stroke-associated death and all others. For both men and women, mean age and systolic blood pressure were significantly greater in the group with stroke-associated death. Pulse pressure was also significantly greater in men with stroke, but not in women; diastolic blood pressure did not differ significantly between the stroke and nonstroke groups. A significantly larger proportion of women dying of stroke had reported being on antihypertensive medication; the same trend, not statistically significant, was seen in men. Fasting plasma glucose was lower in men and higher in women who died of stroke; the difference was statistically significant in men and still apparent after exclusion of all subjects on anti-diabetic medication. Reported smoking habit, obesity and cholesterol levels were not significantly different between the groups. Education status of the subject did not differ significantly between stroke subjects and others (not shown). However, women who died of stroke were significantly more likely to come from a household where the head of house had less than a high school education. This difference was not seen in men who, in 99 percent of the cases, were themselves the head of household. Table 2 shows stroke-associated death rates by categories of selected risk factors. Results support those in table 1. In both sexes, death rates were significantly higher in subjects more than 75 years of age. Although stroke-associated death rates were higher in higher systolic, diastolic or pulse pressure categories in both sexes, differences were significant only for systolic and pulse pressure in males. Fasting plasma glucose levels suggestive of diabetes (^ 140 mg/dl) were associated with more stroke deaths in women and significantly lower death rates in men. Women whose head of household had less than high school education had a nearly threefold increased risk of stroke mortality compared to women with more educated spouses. Nonsmokers of either sex had fewer stroke deaths than current or former smokers, but the differences were not significant. No consistent or significant association of stroke mortality was seen with cholesterol or obesity.
The Cox proportional hazards model 13 was used to assess the independent effect of each risk factor on stroke mortality. Table 3 shows independent relative risks for selected factors for men and women and for both sexes combined. Independent and significant predictors of stroke in the total population were age, systolic blood pressure, cigarette smoking and education of head of household. For every five-year increase in age, the risk of stroke in this older age group increased twofold. Systolic blood pressure was a weak predictor, with only a small (1.2) increased relative risk per 20 mmHg pressure increment. With the exception of age, cigarette smoking (RR = 2.6 for smokers) and education of head of household (RR = 2.1 for lower educated) were the strongest independent predictors of stroke-related death, and the effect was most evident in women. In this multivariate analysis, neither obesity nor cholesterol contributed to stroke mortality. Low blood glucose in men was of marginal significance as an independent predictor of stroke mortality (p = 0.059).
Because of the large proportion of subjects who were taking antihypertensive treatment, the regression analysis was also done separately for those who reported taking and those not taking antihypertensive medication, as well as an additional analysis including antihypertensive medication as an independent variable. The coefficients for risk for systolic blood pressure did not differ significantly between the two groups; neither 14 In contrast to ischemic heart disease, no marked sex differences in stroke mortality were apparent, a finding in keeping with some, though not all, studies and with mortality d a t a 1-3, 6. 7, 14-16 Previous studies have noted that the contribution of blood presure to stroke mortality decreases with age. The Los Angeles study 17 found the relative risk for stroke for hypertensive men (systolic 160+ and/or diastolic 95 + ) compared to normotensive men (systolic < 140 and diastolic <90) to be 7.5 in age group 40 to 54 years and 4.8 in age groups 55 to 69 years. In the 24-year Framingham followup, 18 the relative risk for hypertensives, using the same criteria as above, was about 7 for men 50 to 59 years and 3.3 for men 70 to 79 years. Using the same definition of hypertensive in our study, the univariate relative risk associated with hypertension in men aged 65 to 84 years was 1.8. In the Cox model, which examined the effect of systolic pressure independent of age and other risk factors, the increased relative risk was modest (1.2 per 20 mmHg increase) and was statistically significant only for both sexes combined.
There may be several reasons for the relatively weak independent association of blood pressure with stroke mortality in this older age group. First, selective mortality at earlier ages may leave a group less susceptible to the effects of raised blood pressure. Second, misclassification has probably resulted from the use of only a single day's blood pressure reading coupled with the absence of data on the number of subjects who initiated antihypertensive treatment after the baseline reading. Finally, death certification for ascertainment of stroke is problematical, with both false positive and false negative diagnoses, 19 x and does not distinguish between thromboembolic, hemorrhagic and infarctive strokes, which may have differing etiologies. This imprecision may have weakened the association of stroke death with blood pressure, but the significant overall relationship found is likely to be real. Though the strength of association of systolic blood pressure with stroke death appears to be weak at older ages, as measured by the relative risk, high blood pressure is still an important attributable risk because of the large numbers of subjects with higher pressures. For example, 15 or 38 percent of the male stroke deaths were attributable to systolic blood pressure over 150 mmHg on univariate analysis. A possible adverse effect of antihypertensive medication on outcome has been postulated. 21 " 23 In our study the effect of medication on stroke mortality was not significant independent of the blood pressure level; these data do not suggest that antihypertensive treatment is ineffective in reducing stroke mortality after age 65.
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Of the other conventional cardiovascular disease risk factors, only cigarette smoking was associated with an increased risk of stroke-associated mortality with a significant effect in women. Although cigarette smoking has not generally been reported as a risk factor for stroke in most other studies,' • 2 -3> 8 -24~26 one study of men in Finland did find the number of cigarettes to be significantly associated with stroke risk on multiple logistic analysis. 6 In young men in Framingham, univariate analysis showed a positive association with cigarette smoking 3 but a subsequent 24-year followup found no significant association with stroke. 18 These and our observations are compatible with selective mortality, with male smokers dying at younger ages from other disease. Because women die later than men, sufficient numbers of smoking women may have survived to demonstrate an association of cigarette smoking with stroke mortality.
Similar to other studies of stroke in older populations, 6 7 9 ' nl 8 serum cholesterol was not a significant predictor of stroke. The independent role of obesity is controversial;
1 ' 2 -'• 8> '• 16 -^^ our study found no significant effect in univariate or multivariate analysis. No significant effect of fasting plasma glucose was discernible in the multivariate analysis, despite the strong inverse association in men in the univariate analysis. Other studies, both longitudinal and cross-sectional, have implicated diabetes or high blood sugar as a significant risk factor for stroke. 3 ' 6i lA - 26 - 29 - 30 However, one study which distinguished types of stroke found a significant positive association of blood glucose with thromboembolic stroke, but a negative association with the hemorrhagic stroke. 10 The relationship of plasma glucose with different types of stroke needs further elucidation.
The education level of head of household was a consistent, strong and significant predictor of strokeassociated mortality in women, although the educational level of self had no significant effect in men or women. This could be due to better survival after a stroke in women whose head of household had higher educational status, but given the high case fatality ratio for stroke in older ages, and the paucity of evidence that care improves survival in stroke, it is more likely that women with less educated husbands experienced a real difference in stroke incidence. Others have reported an inverse relationship of blood pressure to education level or socioeconomic status. 31 One other study which found an inverse relation between cardiovascular disease mortality and education levels noted that the relationship was still apparent after adjusting for blood pressure, cholesterol, relative weight and cigarette smoking. 32 Similarly, in our population, the effect of education of head of household on stroke-associated mortality in women was independent of age, blood pressure, cigarette smoking, cholesterol and obesity. The strong, independent association of education of head of household with stroke mortality in women suggests that other as yet unidentified factors may be important risks for stroke in older ages, and warrants further investigation.
Though the association of stroke deaths with conventional cardiovascular disease risk factors is small in older adults, it is apparent that even in this relatively healthy upper-middle class population there is still potential for stroke risk reduction. Thus systolic blood 248 STROKE VOL 15, No 2, MARCH-APRIL 1984 pressure was still an important attributable risk for stroke, despite the high proportion on antihypertensive medication. Similarly, in this population with a large proportion of ex-smokers, current smoking was still a predictor of stroke, particularly in women. The results suggest that, while we need to look for other risk factors for stroke, for example, attributes associated with educational status of the head of household, systolic blood pressure and cigarette smoking are still significant stroke risk factors in older adults and provide potential for intervention.
Addendum:
Since this paper was submitted for publication, a recent study 33 found decreased cerebral blood flow associated with cigarette smoking, and postulated that cigarette smoking could be a risk factor for stroke.
